12 United States Patent
Har-Noy

US008354276B2

US 8,354,276 B2
Jan. 15, 2013

(10) Patent No.:
45) Date of Patent:

(54) T-CELL COMPOSITIONS THAT ELICIT
TYPE 1 CYTOKINE RESPONSE

(75) Inventor: Michael Har-Noy, Modi-in (IL)

(73) Assignee: Immunovative Therapies, Ltd.,
Jerusalem (IL)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21)  Appl. No.: 12/909,517

(22) Filed: Oct. 21, 2010
(65) Prior Publication Data
US 2011/0040259 Al Feb. 17, 2011

Related U.S. Application Data

(60) Continuation of application No. 12/172,594, filed on
Jul. 14, 2008, now Pat. No. 7,943,180, which 1s a
division of application No. 10/838,454, filed on May 4,
2004, now Pat. No. 7,435,592.

(60) Provisional application No. 60/549,032, filed on Mar.
1, 2004, provisional application No. 60/547,966, filed
on Feb. 26, 2004, provisional application No.
60/545,450, filed on Feb. 18, 2004, provisional
application No. 60/470,171, filed on May 13, 2003.

(51) Int.CL

CI2N 5/08 (2006.01)

CO7K 16/00 (2006.01)
(52) US.CL .., 435/372.3; 530/391.1
(58) Field of Classification Search ....................... None

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5,806,529 A 9/1998 Reisner et al.
6,352,694 Bl 3/2002 June et al.
6,534,055 Bl 3/2003 June et al.
6,905,680 B2 6/2005 June et al.

6,905,874 B2 6/2005 Berenson et al.
2002/0127208 Al 9/2002 Waller et al.
2004/0228848 Al  11/2004 Har-Noy
2006/0115487 Al 6/2006 Har-Noy
2008/0112975 Al 5/2008 Har-Noy

FOREIGN PATENT DOCUMENTS

WO 94/12196 Al 6/1994
WO 97/05239 Al 3/1997
WO 97/46256 Al  12/1997
WO 99/24045 Al 5/1999
WO 03/024989 A2 3/2003
WO 03/038062 A2 5/2003
WO 03/057171 A2 7/2003
WO 2005/001074 Al 1/2005
WO 2005/081982 A2 9/2005
OTHER PUBLICATIONS

Raghupathy, R. et al. (1999). “Maternal Thi- and Th2-Type Reactiv-

ity to Placental Antigens in Normal Human Pregnancy and Unex-
plained Recurrent Spontaneous Abortions.” Cellular Immunology,

vol. 196, No. 2: pp. 122-130.

Rondon, G., S. Giralt, at al. (1996). “Graft-versus-leukemia effect

after allogeneic bone marrow transplantation for chronic
lymphocytic leukemia.” Bone Marrow Transplant 18(3): 669-72.
Rosenberg, S. A. (2001). “Progress 1n the development of

immunotherapy for the treatment of patients with cancer.” Journal of
Internal Medicine, vol. 250, No. 6: pp. 462-475.

Roussel, E. et al. (1996). “Predominance of a type 2 intratumoural
immune response in fresh tumour-infiltrating lymphocytes from
human gliomas.” Clinical and Experimental Immunology, vol. 1035,
No. 2: pp. 344-352.

Rubbi, C.P. et al. (1993). “Evidence of surface antigen detachment
during incubation of cells with immunomagnetic beads.” Journal of
Immunology Methods, vol. 166, No. 2: pp. 233-241.

Santin, A. D. et al. (2000). “Interleukin-10 Increases Th1l Cytokine
Production and Cytotoxic Potential in Human Papillomavirus-Spe-
cific CD8(+) Cytotoxic T Lymphocytes.” Journal of Virology, vol. 74,
No. 10: pp. 4729-4737.

Sato, M., S. Goto, et al. (1998). “Impaired production of Thl
cytokines and increased frequency of Th2 subsets in PBMC from
advanced cancer patients.” Anticancer Res 18(5D): 3951-5.

Saxton, M. L. et al. (1997). “Adoptive Transfer of Ant1-CD3-Acti-
vated CD4+ T Cells Plus Cyclophosphamide and Liposome-Encap-
sulated Interleukin-2 Cure Murine MC-38 and 3LL Tumors and
Establish Tumor-Specific Immunity.” Blood, vol. 89, No. 7: pp. 2529-
2536.

Shibuya, T.Y. et al. (2000). “Ant1-CD3/Ant1-CD28 Bead Stimulation
Overcomes CD3 Unresponsiveness 1n Patients With Head and Neck
Squamous Cell Carcinoma.” Arch Otolaryngol Head Neck Surg, vol.
126, No. 4: 473-479.

Shinomuiya, Y., M. Harada, et al. (1995). “Anti-metastatic activity
induced by the in vivo activation of purified protein derivative (PPD)-
recognizing Thl type CD4+ T cells.” Immunobiology 193(5): 439-
55.

Shurin, M. R., L. Lu, et al. (1999). “Th1/Th2 balance in cancer,

transplantation and pregnancy” Springer Semin Immunopathol
21(3): 339-59.

(Continued)

Primary Examiner — Michail Belyavskyi

(74) Attorney, Agent, or Firm — Westman, Champlin &
Kelly, P.A.; Z. Peter Sawicki; Visala Goswitz

(57) ABSTRACT

A method of manipulating allogeneic cells for use 1n alloge-
neic cell therapy protocols 1s described. The method provides
a composition of highly activated allogeneic T-cells which are
infused into immunocompetent cancer patients to elicit a
novel anti-tumor immune mechanism called the “Mirror
Effect”. In contrast to current allogeneic cell therapy proto-
cols where T-cells 1n the grait mediate the beneficial gratt vs.
tumor (GV'T) and detrimental graft vs. host (GVH) eflects,
the allogeneic cells of the present invention stimulate host
T-cells to mediate the “mirror” of these effects. The mirror of
the GV'T effect 1s the host vs. tumor (HV'T) effect. The “miur-
ror’” of the GVH etlect 1s the host vs. grait (HVG) effect. The
elfectiveness and widespread application of the anti-tumor
G VT effect1s limited by the severe toxicity of the GVH effect.
In the present invention, the anti-tumor HV'T effect occurs 1n
conjunction with a non-toxic HVG rejection effect. The
highly activated allogeneic cells of the invention can be used
to stimulate host immunity in a complete HL A mis-matched
setting 1n patients that have not had a prior bone marrow
transplant or received chemotherapy and/or radiation condi-
tioning regimens.
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T-CELL COMPOSITIONS THAT ELICIT
TYPE I CYTOKINE RESPONSE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a continuation of and claims
priority of U.S. patent application Ser. No. 12/172,594, filed
Jul. 14, 2008, now U.S. Pat. No. 7,943,180, which 1s a divi-
sional of U.S. patent application Ser. No. 10/838,454, filed
May 4, 2004, now U.S. Pat. No. 7,435,592, which claims
priority from Provisional Patent Application No. 60/549,032,
filed Mar. 1, 2004, Provisional Patent Application No.
60/5477,966, filed Feb. 26, 2004, Provisional Patent Applica-
tion No. 60/545,450, filed Feb. 18, 2004 and Provisional
Patent Application No. 60/470,1°71, filed May 13, 2003, the
content of which 1s hereby incorporated by reference in 1ts
entirety.

FIELD

This invention relates to the use of allogeneic cell infusions
to treat disease. More particularly, the invention relates to an
allogeneic cell therapy method enabling the generation of an
anti-tumor effect in the absence of grait vs. host (GVH)
disease toxicity.

BACKGROUND

Allogeneic cell therapy 1s an important curative therapy for
several types ol malignancies and viral diseases. Allogeneic
cell therapy involves the infusion or transplant of cells to a
patient, whereby the infused or transplanted cells are derived
from a donor other than the patient. Types of allogeneic
donors that have been utilized for allogeneic cell therapy
protocols include: HLA-matched siblings, matched unrelated
donors, partially matched family member donors, related
umbilical cord blood donors, and unrelated umbilical cord
blood donors. The allogeneic donor cells are usually obtained
by bone marrow harvest, collection of peripheral blood or
collection of placental cord blood at birth. This requirement
for a matched donor 1s a major limitation of allogeneic cell
therapy protocols. It 1s an object of this invention to provide a
method of allogeneic cell therapy that 1s effective without the
requirement for HL A matching.

Allogeneic cell therapy methods have been practiced in the
bone marrow transplant (BMT) setting for over 30 years (Kati
and Hara 2003). These methods involve treatment of patients
with high dose (myeloablative) chemotherapy and/or radia-
tion. This myeloablative conditioning results in destruction of
the bone marrow leading to the loss of a functioning immune
system. Thus, these patients must be “rescued” by allogeneic
cell transplant to replace the destroyed bone marrow and
restore immunity.

The ability of myeloablative conditioming followed by
allogeneic BMT or stem cell transplantation (SCT) to cure
certain hematological malignancies 1s widely recognized.
The anti-tumor effect mediated by the allogeneic cell trans-
plant1s known as the graft vs. tumor (GV'T) eflect (also called
the graft vs. leukemia eflect and the graft vs. malignancy
elfect and the graft vs. myeloma effect). GVT activity after
allogeneic cell therapy 1s known to be effective 1n treating
several cancers, including myeloid leukemias (Gale and
Champlin 1984), lymphoid leukemias (Rondon, Giralt et al.
1996, multiple myeloma {Tricot, 1996 #2730) and breast
cancer (Eibl, Schwaighofer et al. 1996).
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However, allogeneic BMT has a treatment related mortal-
ity o1 30-35% (Frassoni, Labopin et al. 1996). The high risk of
transplant related mortality has limited the use of this treat-
ment mostly to otherwise healthy patients with hematological
malignancies. It 1s an object of this invention to significantly
reduce or eliminate the treatment related mortality of alloge-
neic cell therapy 1 order to make the treatment available to a
broader spectrum of patients and disease indications.

The GV'T eflect was discovered when 1t was observed that
relapse rates were significantly lower 1n patients that received
an allogeneic BMT compared to patients that received an
autologous BMT. This led to the discovery that the reduced
relapse rate was mediated by anti-tumor reactions of lympho-
cytes contained 1n the allograft (GV'T effect) (Weiden, Sulli-
van et al. 1981).

Direct evidence of the power of the GVT etflect was first
provided when patients with chronic myelogenous leukemia
(CML) who relapsed atfter allogeneic BMT were put in com-
plete remission after an infusion of allogeneic lymphocytes (a
procedure known as Donor Lymphocyte Infusion or DLI).
DLI treatment has since been shown to frequently cause
complete remissions in relapsed cancer patients following
allogeneic BMT, despite complete resistance of such tumor
cells to maximally tolerated doses of chemotherapy/radiation
(Slavin, Naparstek et al. 1995; Slavin, Naparstek et al. 1996;
Slavin, Naparstek et al. 1996) (See also Slavin U.S. Pat. Nos.
5,843,435 and 6,143,292).

The observation that DLI treatment alone, without chemo-
therapy, could have an anti-tumor effect has led to a paradigm
shift 1n the treatment of malignancy. A new generation of
therapies has emerged where the focus 1s on the GV'T effect,
rather than the cytotoxic effect of chemotherapy/radiation.
This new generation of allogeneic cell therapy protocols 1s
known as a “Mini-Transplant” (for example, see U.S. Pat. No.
6,544,787 1ssued to Slavin and U.S. Pat. No. 6,558,662 1ssued
to Sykes, et al.).

Mini-Transplant procedures mvolve a first round of low
dose, non-myeloablative chemotherapy conditioning of a
patient. The low dose chemotherapy conditioning 1s not pro-
vided for the purpose of tumor reduction, but rather i1s
designed to only weaken the immune system enough to pre-
vent rejection of an allogeneic donor cell mtusion. Condi-
tioned patients are infused with non-manipulated allogeneic
lymphocytes or stem cells which engraft in the patients and
subsequently mediate a GV'T effect.

Patients with successfully engrafted allogeneic cells
develop immune systems which are partially of self origin
and partially of the allogeneic graft origin. Patients in this
immunological state are known as “chimeras”. The condi-
tioning regimen enabling chimera formation usually includes
administration of one or more chemotherapy conditioning
agents, such as purine analogs like fludarabine, alkylating
agents such as busulfan and/or cyclophosphamide, and/or
anti-leukocyte globulins (see U.S. Pat. No. 6,544,787 1ssued
to Slavin).

These Mini-Transplant protocols have proven to be very
cifective 1n the treatment of hematological malignancies and
are less toxic than the high dose myeloablative regimens
(Champlin, Khour1 et al. 1999; Champlin, van Besien et al.
2000); (Grigg, Bardy et al. 1999); (Slavin, Nagler et al. 2001;
Slavin, Or et al. 2001). Mini-Transplants have also been

shown to be eflective 1n chemotherapy resistant metastatic
disease (Childs, Chernoif et al. 2000; Childs 2000; Childs and

Barrett 2002; Childs 2002).

While the GV'T elffect has been described as the most
powerftul and effective anti-tumor mechanism ever observed
in the treatment of human malignancies (van Besien, Thall et
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al. 1997) (Eibl, Schwaighofter et al. 1996) (Ueno, Rondon et
al. 1998), the clinical application of GV'T 1s still severely

limited due to the toxicity associated with allogeneic cell
infusions. The major complication of allogeneic cell therapy
1s the condition known as gratt vs. host (GVH) disease. GVH
disease occurs when donor T-cells react against antigens on
normal host cells causing target organ damage, which often
leads to death. The principal target organs of GVH disease are
the immune system, skin, liver and intestine.

There 1s an urgent need to develop methods to separate the
beneficial GV'T eflect from the detrimental GVH eflect in
allogeneic cell therapy. However, this has proven to be very
difficult, as 1t appears that GVT and GVH are intimately
related processes, with the same donor T-cells responsible for
both eflects. It 1s an object of this invention to describe an
allogeneic cell therapy method which provides an anti-tumor
elfect without the toxicity associated with GVH disease.

GVH disease occurs secondary to mismatches between
histocompatibility antigens (HLA) between the donor and the
recipient. Attempts to perform allogeneic BMT between
strongly HLA-mismatched donor-recipient pairs have been
associated with a prohibitively high incidence of severe GVH
disease and failure of the allogeneic cell infusions to engraft.
Therefore, allogeneic cell therapy normally requires match-
ing of HLA antigens between donor and recipient. However
despite matching of HLA 1dentity, substantial numbers of
patients still develop GVH disease, presumably due to differ-
ences 1n minor HL A antigens.

The requirement for an HLA matched donor severely lim-
its the application of allogeneic cell therapy. Only approxi-
mately one of every three patients has an HLA-matched sib-
ling or can find a phenotypically matched unrelated donor,
and therefore the majority of patients do not have the option
of allogeneic cell therapy. Furthermore, a large fraction of
cancers, including leukemias and lymphomas, afflict older
patients who are more prone to the development of GVH
disease than are younger persons, and who therefore are not
generally considered candidates for allogeneic cell therapy,
despite the lack of other curative options. In addition, the
immunosuppressive drugs used for GVH disease prophylaxis
also increase the risk of secondary infection and increase the
relapse rates for certain types of leukemia.

Accordingly, there 1s a great need to reduce or eliminate the
toxicity associated with GVH disease 1n allogeneic cell
therapy protocols while maintaining or increasing the GV'T
eifect 1n order that the therapy could be utilized to benefit a
greater population of patients.

It1s an object of this invention to describe an allogeneic cell
therapy method that elicits an anti-tumor effect at least as
clfective as the GV'T effect without the associated GVH dis-
case toxicity.

It 1s an additional object of this imnvention to describe an
allogeneic cell therapy method with reduced treatment
related toxicity by eliminating the requirement for a previous
allogeneic BMT or chemotherapy conditioning regimen 1n
order to benelit from the therapy.

It 1s an additional object of this invention to describe a

method of allogeneic cell therapy that does not require an
HILA-matched donor.

SUMMARY

The mvention disclosed herein relates to a product com-
prised of allogeneic cells of which at least a portion are
T-cells, whereby the allogeneic T-cells are expanded and
differentiated ex-vivo, and are used as an allogeneic cell
therapy for the stimulation of the host immune system in
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humans without GVH toxicity, and whereby said allogeneic
cells are subsequently rejected by the host immune system.

The mvention disclosed herein also relates to a product
described above whereby the allogeneic cells are chosen
without regard for HL A-match with the recipient, or to allow
for the maximum mismatch of HLA haplotype with the
intended patient population, thereby ensuring the maximum
allogeneic potential and subsequent host immune response to
the product.

The mvention disclosed herein also relates to a product
described above whereby the allogeneic cells are capable of
stimulating an eflfective host immune response against a
tumor when infused i1nto patients that have not received a
prior allogeneic BMT.

The invention disclosed herein also relates to a product
described above whereby the allogeneic cells are capable of
stimulating an effective host immune response against a
tumor when infused 1nto a patient that has not been subjected
to immunosuppressive conditioning regimens.

The mvention disclosed herein also relates to a product
described above whereby the allogeneic cell therapy stimu-
lates an 1mmune response 1n patients by stimulating the pro-
duction of inflammatory “Type 17 monokines and lymphok-
ines 1n the host.

The mvention disclosed herein also relates to a product
described above whereby the allogeneic cell therapy stimu-
lates an 1immune response 1n patients by activating compo-
nents of host innate and/or Thl adaptive immunaity.

The invention disclosed herein also relates to a product
described above whereby the allogeneic cell therapy stimu-
lates the production of cytokines which enhance the immu-
nogenicity of tumors.

The mvention disclosed herein also relates to a product
described above whereby the allogeneic cells directly kall
tumors so as to cause the tumor associated antigens to be
available for stimulating host Type 1 adaptive immunaity.

The mvention disclosed herein also relates to a method of
producing a product as described above, whereby the alloge-
neic T-cells contained in the product are 1n a state of enhanced
activation.

The invention disclosed herein also relates to a method for
stimulating a host immune system by collecting the mono-
nuclear cells from an unrelated donor, activating T-cells
within the mononuclear cell population, and administering
the activated T-cells to a host having a host immune system
whereby the activated T-cells are rejected by the host immune
system while stimulating the host immune system to mediate
an elfective immune response against a resident disease. The
host may have a resident disease such as hematological
malignancy, a solid tumor, a solid tumor that has metastasized
or a viral ifection. The donor 1s selected without regard to
histocompatibility to the host, and maximum histocompat-
ibility mismatch 1s preferred. The host also preterably should
not have had a prior bone marrow transplant and should not
preferably have recerved any immunosuppressive chemo-
therapy and/or radiation conditioning regimens designed to
allow engraitment of the allogeneic donor cell infusions.

The method further includes that the T-cells are preferably
CD4+ T-cells and that a majority of the CD4+ T-cells differ-
entiate after ex-vivo activation from CD45RA+, CD62L"
naive cells into CD45RO+, CD62L° memory cells, and
wherein such cells produce Type 1 cytokines such as I1L-2,
IFN-gamma, TNF-alpha and do not produce Type 2 cytokines
such as 1L.-4, IL.-10 and TGF-beta.

The mmvention disclosed herein also includes such CD4+
T-cells which after ex-vivo activation express CD40L and/or

TRAIL on the cell surtace.
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Preferably, the T-cells are activated by cross-linking of
ant1-CD3 and ant1-CD28 mAbs applied to the cell surface of

the T-cells. Preferably anti-CD3 and anti-CD28 mAbs

applied to the surface of said T-cells are cross-linked by
association with biodegradable microspheres coated with an
agent reactive against said mAbs.

The mvention disclosed herein also includes wherein
greater than 90% of the T-cells are 1n a state of activation just
prior to and at the time of contacting the host immune system,

and 1n the preferred embodiment greater than 95% of the
T-cells are activated at the time of administration to the host
and just prior to contacting the host.

The method also includes wherein 'T-cells are continuously
exposed to an activating stimulus for at least six days prior to
infusion in the host. T-cells are pretferably activated while
being maintained at cell densities of at least 107 cells/ml to
maximize cell to cell contact. Such cell to cell contact serves

to enhance the state of activation of the allogeneic T-cells.

In another embodiment, the method includes wherein the
T-cells are administered with ant1-CD3 and ant1-CD28 mAbs

applied to the surface of the allogeneic T-cells and wherein
the mAbs are cross-linked by association with and inclusion
of biodegradable microspheres coated with an agent reactive
against the mAbs.

The method also includes wherein T-cell admainistration
stimulates production of Type 1 cytokines, and such cytok-
ines include at least one of the following: IL-1, IL-2, I1L-12,
IL-15, IFN-gamma, IFN-alpha, IFN-beta, TNF-alpha, and
TNF-beta. Such cytokines stimulate immunity including host
innate immune function. The method also includes wherein
the activated T-cell administration activates host dendritic
and/or macrophage cells.

The mvention also includes wherein the activated alloge-
neic T-cell administration and subsequent rejection of the
activated T-cells stimulates an 1mmune response against a
host resident disease.

The mvention also includes a method wherein the ex-vivo
activated allogeneic T-cells are cryopreserved prior to formu-
lation and administration to the host.

The mvention also includes a composition of allogeneic
T-cells labeled with anti-CD3 and anti-CD28 mAbs cross-
linked with biodegradable microspheres coated with an agent
reactive against said mAbs. The labeled allogeneic T-cells
and associated biodegradable microspheres are suspended 1n
a media suitable for intravenous infusion. Such T-cells and
associated biodegradable microspheres are suspended at a
cell density of 10’ cells/ml or greater, and preferably in a
flexible container or 1n a syringe. The T-cells labeled with
ant1-CD3 and anti-CD28 may also be cryopreserved prior to
formulation and administration.

The present mvention also includes an allogeneic cell
material that elicits a host vs. tumor (HV'T) and host vs. graft
(HVG) response when contacted with a tumor-bearing host
immune system without eliciting a toxic grait vs. host (GVH)
response. The allogeneic cell matenal contains ex-vivo acti-
vated T-cells and wherein said activated T-cells are preferably
CD4+ T-cells.

The present mvention also includes an allogeneic cell
material that causes apoptosis of tumors when administered
to a tumor-bearing host. The allogeneic cell material contains

activated allogeneic T-cells, and such T-cells are preferably
CD4+ cells. Such CD4+ cells should express FasL, and/or

TRAIL on the cell surface, preferably at high density. Such
activated T-cells preferably differentiate into memory cells
expressing CD45RO and CD63L% after ex-vivo activation.
Such allogeneic T-cells should express one or more of the
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following cytokines: 1L-2, IL-15, IFN-gamma, and TNF-al-
pha and express surface Fasl. and/or TRAIL upon adminis-
tration to the host.

The present invention also includes a composition com-
prising a treatment eflective amount of a population of allo-
geneic cells, of which at least a portion are T-cells, and
whereby said T-cells are labeled with an activating effective
amount of one or more monoclonal antibodies, or portions
thereof, and a cross-linking effective amount of an agent
reactive against the monoclonal antibodies. T-cells of such
composition are preferably labeled with anti-CD3 and anti-
CD28 mAbs. The agent reactive against the mAbs 1s prefer-
ably coated on biodegradable microspheres. The allogeneic
T-cells and associated biodegradable microspheres are sus-
pended 1n a media suitable for intravenous infusion. Such
labeled T-cells and associated cross-linking biodegradable
microspheres are suspended at a cell density of 107 cells/ml or
greater 1n a flexible container or in a syringe. The composition
may be cryopreserved prior to infusion.

In preferred embodiments, the allogeneic cells used 1n the
present invention are purified T-cells which have been acti-
vated ex-vivo, preferably CD4+ T-cells, more preferably
CD4+ T-cells that have differentiated into effector or memory
cells and produce high levels of Type 1 cytokines, such as
IL-2, IL-15, IFN-gamma, TNF-alpha and also express, pret-
erably at high density, effector molecules such as CD40L,
TRAIL and FasL on the cell surface.

In another preferred embodiment, the allogeneic T-cells for
infusion are processed ex-vivo by a method which maintains
the cells at high cell density (107 cells/ml or greater) in con-
tinuous contact with T-cell activating agents.

In another preferred embodiment, the allogeneic T-cells for
infusion are formulated 1n media suitable for infusion con-
taining activating agents as a means to maintain the activation
state of the T-cells from harvest through infusion.

In another preferred embodiment, greater than 90%, or
preferably greater than 95% of the infused allogeneic T-cells
continue 1n a state of enhanced activation at the time of
infusion into the patient.

The “Mirror Effect”

In the prior art allogeneic cell therapy protocols, T-cells 1n
the graft are responsible for mediating the beneficial GV'T
cifect and the detrimental GVH effect of the therapy. In order
to accomplish the objectives of this invention, a new mecha-
nism 1s described whereby the T-cells 1n the grait do not
directly mediate the immune effects, but instead act to stimu-
late the host immune system to mediate an effective immune
response against a resident disease.

The host immune response elicited by the method of this
invention 1s the “mirror” of the GV1T/GVH eflects of prior art
allogeneic cell therapy protocols. The “mirror” of the nor-
mally observed GVT etfect 1n allogeneic cell therapy 1s the
host vs. tumor (HV'T) eflect. The “mirror” of the normally
observed GVH etlect in allogeneic cell therapy 1s the host vs.
graft (HVG) ettect. The HVI/HVG eflects are hereinafter
collectively called the “Mirror Effect”.

Unlike the extremely toxic GVH component of prior art
allogeneic cell therapy protocols, the HVG component of the
Mirror Effect results only 1n the non-toxic rejection of the
grait cells. Thus 1n the present invention, the HVT anti-tumor
component of the Mirror Effect occurs without the toxicity of
GVH. It 1s understood 1n the art that an effective anti-tumor
immune response can also be eflective against a variety of
pathogens, including viruses.

In the present invention, the rejection of the graft (HVG) 1s
a desired component of the Mirror Effect. Therefore, 1t 1s not
necessary to treat the recipient patients with immunosuppres-
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s1ve conditioning regimens 1n order to prevent rejection of the
graft, as 1s required in prior art allogeneic cell therapy proto-
cols. In addition, unlike the GVH component of prior art
allogeneic cell therapies, the HVG component of the Mirror
Effect 1s a non-toxic immunological event. In prior art allo-
genelc cell therapy protocols 1t 1s necessary to select HLA-
matched donors 1n order to reduce the toxic effects of the
GVH effect. Since the HVG component of the Mirror Effect
1S non-toxic, 1t 1s not necessary to use an HLA-matched donor
in the present invention as a means to limit the effect. In fact,
it 1s prederable 1n the practice of the present mnvention to use
allogeneic donors that have complete HL A disparity with the
host. The greater the HLA disparity, the stronger the stimu-
lation of the host immune response.

In prior art allogeneic cell therapy protocols the beneficial
GV'T eflect and the detrimental GVH effect are intimately
and proportionally related. There are at least two forces which
serve to limit the magnitude of the GVT eflect 1n these prior
art allogeneic cell therapy protocols that are not present to
limit the anti-tumor HVT component of the Mirror Effect.
These factors are: (1) the development of host tolerance to the
donor cells enabling engraiftment and chimerism; and (2)
GVH prophylaxis with immune suppressive drugs.

Host tolerance 1s an immune mechanism where the host
immune system ceases to respond against the grait cells and
the graft cells cease to respond against the host cells. The
mechanism of tolerance 1s correlated with immunosuppres-
stve mechanisms resulting in the undesired reduction of the
GV effect. GVH prophylaxis 1s required 1n prior art alloge-
neic cell therapy protocols in order to limit the extent of GVH
disease. Because of the proportional relationship between
GVT and GVH, the limitation of the GVH component by
prophylaxis proportlonally limits the GV'T component.

In the Mirror Elffect, the HVT and HVG components are
also intimately and proportionally related. The HV'T compo-
nent provides a more powerful anti-tumor effect than the
GVT effect. This 1s because the HVG ellect does not require
immunosuppressive treatment to limit the extent of the rejec-
tion response. In this way, unlike the GVH etlect, the HVG
elfect can be allowed to reach 1ts natural conclusion (com-
plete rejection). The proportional nature of the HVG etl

ect
with the anti-tumor HVT ellect results in a more powertul
anti-tumor component occurring concurrently and 1n propor-
tion to the rejection response. It 1s preferred, therefore, that
the rejection response be enhanced, rather than limited, by the
use ol completely mis-matched allogeneic cells. The
enhanced HVT anti-tumor effect also occurs because, unlike
the GVT effect, the HVT effect does not occur 1n the limiting,
environment of tolerance induction. In the present invention,
rather than an immunosuppressive tolerance etlect, a power-
tul Thl-mediated allo-rejection response 1s mediated. This
Thl allo-rejection response has a by-stander effect which
helps to sustain and amplity the HVT etlect,

Accordingly, the allogeneic cell therapy of the present
invention provides significant advantages for the treatment of
malignancies over prior art methods: (1) enhanced anti-tumor
eifect (HV'T) compared to the GV'T eflect; (2) potentially
curative anti-tumor effect without lethal toxicity; (3) elimi-
nation of the requirement for a matched donor; (4) elimina-
tion of the need for immunosuppressive conditioning prior to
therapy; and (5) elimination of the need for a prior allogeneic
BMT (as 1s required in DLI protocols).

Ex-Vivo Manipulation Requirement

In order for a population of allogeneic cells to induce the
Mirror Effect, the population must contain T-cells. To be
elfective, the allogeneic T-cells must be manipulated ex-vivo
in a manner that causes activation. The T-cells need not be
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activated with specific antigens, but preferably are activated
polyclonally. Preterably the activated T-cells proliferate at
least 4 generations and differentiation to obtain effector func-
tion. T-cells that express eflector function produce Type 1
cytokines including IL-2, IFN-gamma and TNF-alpha,
express activation markers such as CD25 and HLA-DR, and
express elfector molecules such as TNF superfamily mol-
ecules such as TRAIL, LIGHT, CD40L and FasL.. In another
preferred embodiment, the ex-vivo activated allogeneic
T-cells further differentiate into memory cells that express
CD45RO and CD62L.°.

T-cells generally require two signals to be activated. The
first signal required for activation occurs by stimulation of the
T-cell antigen receptor (TCR), a multisubunit immune recog-
nition receptor that associates with the CD3 complex and
binds to peptides presented by the major histocompatibility
complex (MHC) class 1 (CD8+ T-cells) and class II (CD4+
T-cells) proteins on the surface of antigen-presenting cells
(APCs). The first signal can be provided by immobilized
ant1-CD3 mAb. The second signal i1s typically delivered
through co-stimulatory molecules. The major co-stimulatory
signal occurs when a member of the B7 family ligands CDS80
or CD86 on an activated antigen-presenting cell (APC) binds
to CD28 on a T-cell. The second signal can be provided by
soluble or immobilized ant1-CD28 mAb. For purposes herein,
T-cells at a cell density of less than 10° cells per ml and
activated with anti-CD3 and ant1-CD28 are termed ““standard
conditions™.

In the present invention, the T-cells should enter and main-
tain a state of “enhanced activation™ prior to infusion. For
purposes of the present invention, “enhanced activation” shall
mean a T-cell that has been activated 1n a manner that results
in enhanced proliferation characteristics (i.e., proliferation
greater than a population activated under standard conditions)
and terminally differentiates to perform enhanced effector
functions, including enhanced cytokine production and
enhanced expression of effector molecules when compared to
T-cells activated under standard conditions.

In a preferred embodiment, a population of allogeneic
T-cells with enhanced activation characteristics are produced
by a process that involves: (1) collection of mononuclear cells
by leukapheresis; (2) purification of CD4+ cells from the
mononuclear cells; (3) contacting the CD4 cells with cross-
linked ant1-CD3 and anti-CD28 mAbs; (4) maintaining con-
stant contact of the cross-linked CD3/CD28 mAbs on the
CD4 cells for at least a period of 6 days; (5) maintaining over
the same minimum 6 day period enhanced cell to cell contact;
and (6) formulating and then infusing the CD4 cells at the
peak of proliferation and cytokine production while main-
taining constant contact with the cross-linked CD3/CD28
mAbs.

Prior art allogeneic cell therapies generally involve infu-
s1on of non-mampulated allogeneic cells into a host with an
immune system that has been suppressed by chemotherapy
and/or radiation conditioning regimens. These prior art pro-
cedures result in engraftment of the allogeneic cells, which in
turn mediate the GVT/GVH ellects. Ex-vivo manipulation of
the graft cells 1n this setting may increase GVT effects, but
also results 1n exacerbation of the toxic GVH efiects. Infusion
of non-manipulated allogeneic cells into a host with an intact
immune system results only 1n rejection of the allogeneic
cells (HVG) without any anti-tumor eifect. Therefore, the
mampulation of the allogeneic graft cells 1s a required
embodiment for eliciting the Mirror Effect.

The present mnvention 1s designed to take advantage of the
known mechanisms of the GV'T eflect 1in prior art allogeneic

cell therapy protocols, including the key role of the innate
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immune system 1n initiating effective, appropriate and tar-
geted adaptive immune responses and the role Type 1 cytok-
ines have i bridging mnate and adaptive immunity. The
method of the present imvention 1s designed to mirror the
known mechanisms that mediate the GVT effect within the
host (rather than within the graft).

Patients with tumors have immune responses that have
falled to protect against the tumor. This can be for many
reasons, including the mitial imprinting of a Type 2 immune
response against the tumor and/or due to tumor i1mmu-
noavoidance mechanisms. The GVT effect of prior art allo-
geneic cell therapy protocols 1s capable of overcoming these
limitations in some settings. The key to overcoming these
limitations 1s the stimulation of an mmflammatory Type 1
cytokine storm (described in more detail below) 1n the context
of de novo shedding of tumor antigen resulting from the
conditioning regimens, as well as the activation of compo-
nents of 1nnate immunity 1n the graft and the subsequent
imprinting of a de novo graft-mediated Type 1 adaptive
immune response against the tumor.

The present invention 1s designed to elicit these mecha-
nisms in the host rather than the graft. Accordingly, the allo-
genelc cells of the present mvention are designed to elicit a
Type 1 cytokine storm, de novo shedding of tumor antigen,
activation of components of host innate immunity leading to
a host Type 1 adaptive immune response against the tumor.

The major cellular components of the innate immune sys-
tem consists of macrophages, NK cells, neutrophils, gamma-
delta T-cells, alpha-beta intermediate T-cells and NKT cells.
The activation of the host innate immune response to tumors
results 1n the killing of tumors, shedding of tumor associated
antigens (TAA) into draining lymph nodes, enhanced presen-
tation of TAA to naive T-cells and also plays an mnstructive
role in emanating the subsequent Type 1 adaptive immune
response.

Components of the adaptive immune response coordinate
to specifically eliminate the tumor. The adaptive immune
response 1s characterized by 1ts specificity for a tumor and the
ability to distinguish between self and non-self. The major
cellular components of the adaptive anti-tumor immune
response consist of CD4+ T-cells and CD8+ T-cells. Antigen
presenting cells (APC), such as activated dendritic cells, plas-
macytoid dendritic cells and macrophages serve to bridge
between the mnate and adaptive immune compartments by
presenting TAA to components of the adaptive immune sys-
tem.

In order to elicit the full benefit of the Mirror Eftect, the
allogeneic cell infusion must be manipulated ex-vivo so that
the cells are capable of eliciting a cascade of immunological
mechanisms upon infusion. The first mechanism the alloge-
neic cells should elicitis a Type 1 cytokine storm consisting of
both monokines and lymphokines. In the presence of this
cytokine storm, the following mechamisms should also be
clicited: (1) the activation of dendritic cells; (2) the shedding
of TAA; and (3) development of a Type 1 adaptive immune
response.

Type 1 Cytokine Storm

Two helper (CD4) T-cell subsets, Thl and Th2, have been
defined which are characterized by distinct and mutually
exclusive patterns of cytokine production. Thl cells produce
IL-2, IFN-gamma and TNF-alpha and are responsible for
inducing intlammatory, cell-mediated immune responses that
are protective against tumors, intracellular bacteria and viral
infections. Th2 cells produce IL-4 and IL-10 and enhance
humoral 1mmune responses that are generally effective
against certain extracellular bacterial and parasitic infections.
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Ithas also been discovered that other types of immune cells

exhibit distinct cytokine polarity, including CD8 T-cells,
NK'T-cells, NK cells and dendntic cells. A typical immune
response will thus have complex mixtures of effector cells
and cytokines. Cytokines are an important component of any
immune response and the balance of cytokines in response to
a tumor or pathogen 1s usually determinative of the type of
immune response that will be generated. The type of immune
response generated 1s determinative of whether the tumor or
pathogen will be eradicated or allowed to persist.
To assist 1n the categorization of immune responses, they
can be characterized as “Iype 17 or “Type 2°, depending on the
dominant cytokine profile. Type 1 responses are dominated
by inflammatory cytokines and Type 2 responses are domi-
nated by cytokines which suppress cellular immunity. Cytok-
ines have been categorized as being characteristicof Type 1 or
Type 2 immune responses. The cytokines are defined func-
tionally as Type 1 or Type 2, corresponding to their ability to
support cellular immunity and suppress humoral immunity
(Type 1) or support humoral immunity and suppress cellular
immunity (Type 2). Type 1 cytokines include IL-2, 1L.-12,
IL-15, IFN-gamma, IFN-alpha and IFN-beta. Type 2 cytok-
ines include 1L-4, IL-5, IL-6, IL.-10, IL-13 and TGF-beta.
(Belardell1 and Ferrantini 2002). In the case of tumors, a Type
1 immune response 1s critical for protective immunity (Nish-
imura, Nakui et al. 2000).

A common mechanism for the prior art GVT and GVH
elfects 1s a “cytokine storm™ of Type 1 cytokines (Fowler,
Breglio et al. 1996; Das, Imoto et al. 2001); (Carayol, Bourhis
ct al. 1997; Tanaka, Imamura et al. 1997; Blazar, Taylor et al.
1998; Flanagan, Jennings et al. 1999; Fowler and Gress
2000). The Type 1 cytokine storm activates components of
both the mnate and adaptive immune responses 1n the donor
lymphocyte population (Antin and Ferrara 1992; Blazar,
Korngold et al. 1997; Tanaka, Imamura et al. 1997). In the
present invention, the infusion of the allogeneic cells 1s
designed to elicit the same Type 1 cytokine storm. However,
the present invention 1s designed so that the cytokine storm
activates components of the innate and adaptive 1immune
responses of the host lymphocyte population, rather than of
the donor lymphocyte population. In order to assure that only
host components are activated, 1t 1s preferred that the host 1s
immunocompetent and that the allogeneic cell population
infused be devoid of mnnate immune cells and enhanced 1n
T-cells, preferably enhanced in CD4+ T-cells.

In preferred embodiments, the allogeneic T-cells to be
infused produce high amounts of Type 1 cytokines, including
IL-2, IL-15, TNF-alpha, TNF-beta, and IFN-gamma and do
not produce IL-4, IL-10 or TGF-beta. The infused cells
should be producing one or more of the Type 1 cytokines at
the time of infusion and while circulating in the patient blood.
To ensure that the allogeneic T-cells are producing Type 1
cytokines at the time of infusion and while circulating, the
T-cells should be activated when infused and maintain the
activation status while 1n circulation.

To ensure that the T-cells are activated, they should be
formulated with agents which deliver activation signals. For
example, the T-cells can first be contacted with activating
agents, such as mouse anti-human CD3 and mouse anti-
human CD28 mAbs. The mAbs on the surface of the T-cells
can then be cross-linked to deliver activation signals to the
T-cells. In preferred embodiments, the cross-linking 1is
accomplished by including coated biodegradable micro-
spheres or nanospheres in the formulation media. The biode-
gradable spheres are coated with an agent which reacts with
the activating agents on the T-cells and causes them to be
cross-linked and to deliver activation signals. Suitable coat-
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ing agents for use with mouse mAbs include polyclonal anti-
mouse antibodies or monoclonal anti-Fc mAbs.

The method of the present invention comprises imtroducing
a sullicient amount of activated allogeneic T-cells, preferably
CD4+ T-cells, into a host to stimulate host mononuclear cells 5
to produce Type 1 cytokines, especially 1L-1, 1L-12, IL-15,
IL-18, TNF-alpha, GM-CSF, IFN-alpha and IFN-gamma and
not inducing sigmificant production of IL-4, IL.-10, IL.-13 and
TGF-beta from host cells.

The production of the Type 1 cytokine storm 1s knowntobe 10
important 1n the link between the 1nitial innate immune acti-
vation and the subsequent adaptive immune response 1n anti-
tumor 1immunity (Belardelli and Ferrantini1 2002; Kadowaki
and Liu 2002; Le Bon and Tough 2002).

Activation of Dendritic Cells 15

A key cell type 1n bridging innate immunity to adaptive
immunity 1s the dendritic cell (DC). Therefore, 1t 1s important
for eliciting the tull effectiveness of the Mirror Effect for the
allogeneic cell infusion to activate host DC cells. The method
of the present mvention comprises mtroducing a sufficient 20
amount of activated allogeneic T-cells, preferably CD4+
T-cells, into a host 1n order to stimulate the activation and
maturation of host DCs.

After activation, DCs are known to go through matura-
tional stages 1n which they express cytokines and cell surface 25
molecules critical for the mnitiation and the control of nnate
and then adaptive immune responses (Langenkamp, Messi et
al. 2000; Granucci, Vizzardellr et al. 2001). In particular,
inflammatory Type 1 cytokines, such as TNF-alpha, mac-
rophage inflammatory protein-lo(MIP-1¢.), IL-12 and 30
SLAM, are strongly upregulated after activation. 1L-12 1s
produced by monocyte-derived DCs after activation. Acti-
vated IL-12-producing DCs are then able to prime Type 1
immune responses (Langenkamp, Messi et al 2000).

Allogeneic T-cells prepared by the process of the present 35
invention will express CD40L (CD154) on the cell surface.
These CD40L expressing T-cells will activate host DCs. Liga-
tion ol CD40 on the DCs up-regulates costimulatory/acces-
sory molecule expression (MHC class II, CD38, CDS80/
CDR86) that enhance antigen presentation by the DCs. This 40
interaction 1n turn 1s known to “prime” CD40L+ helper (CD4)
and cytotoxic (CD8)T cells by up-regulating their IL-2 recep-
tor expression, and 1s also known to lead to the expansion of
both class 1I and class I dependent tumor-reactive T-cell
pools. 45
Tumor Associated Antigen (TAA) Shedding

Shedding of TAA 1nto the draiming lymph nodes and the
presentation of these antigens by activated DCs stimulates an
adaptive immune response. TAA shedding i1s caused by the
killing of tumor cells by immune effector cells. In the present 50
invention, tumor killing causing shedding of TAA 1s mediated
by both direct and indirect mechamsms. The direct mecha-
nism of tumor killing 1s mediated by the interaction of tumor
cells with surface molecules on the infused allogeneic cells
and/or activated host T-cells, such as Fasl. and TRAIL, which 55
stimulate programmed cell death (apoptosis) of the tumor
cells. The indirect mechanism 1ncludes the activation of host
innate immune etfector cells such as NK cells and phagocytic
macrophages.

The method of the present invention comprises imntroducing 60
a suilicient amount of activated allogeneic T-cells, preferably
CD4+ T-cells, mto a host 1n order to stimulate tumor lysis by
clements of the innate immune system, such as NK cells. An
additional method of the present invention comprises 1ntro-
ducing a suflicient amount of activated allogeneic T-cells, 65
preferably CD4+ T-cells, into a host which mediate tumor
apoptosis through expression of TNFR effector molecules
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such as FasLL and TRAIL. An additional method of the present
invention comprises mtroducing a suificient amount of acti-
vated allogeneic T-cells, preferably CD4+ T-cells, into a host
which results 1 activation of host T-cells, whereby such
activated host T-cells express TNFR ligands such as FasL
and/or TRAIL and mediate apoptosis of tumor cells.

De-novo TAA shedding 1s an important component of the
GVT ellect, as 1t enables the reprogramming of the adaptive
immune response from one that allowed tumor growth (Type
2) to one that kills and protects against the tumor (Type 1). NK
cells 1n the graft constitute major effector cells in the GVT
reaction (Voutsadakis 2003) that can mediate de-novo TAA
shedding.

Similarly, activation of host NK cells 1s an important part of
the HVT component of the Mirror Eftect. The Type 1 cytok-
ine storm, resulting from the host response to the activated
allogeneic T-cells of the present invention, 1s capable of acti-
vating host NK cells and strongly upregulating their cytotoxic
capacity.

Activated host NK cells have the ability to kill a wide
variety of tumor cells spontaneously while sparing normal
cells (Smyth, Hayakawa et al. 2002). Importantly, NK cells
recognize potential target cells without the need for immuni-
zation or pre-activation compared with T cells, which first
require education by antigen-presenting cells. Furthermore,
NK cells can recognize tumors that might evade T-cell killing,
by down regulation of MHC I molecules, a major tumor
immunoavoidance mechanism.

Therefore, the method of the current invention causes the
shedding of TAA through the activation and upregulation of
cytotoxic activity of host NK cells. Another mechanism for
inducing the shedding of TAA by the method of the current
invention 1s to mduce apoptosis 1 tumors. One mechanism
for the mduction of apoptosis 1n tumors 1s by signaling
through the death receptor called Fas (CID95). Binding of Fas
with its Fas-ligand (Fasl./CD154) induces programmed cell
death (apoptosis). Another mechanism 1s by signaling
through the TRAIL ligand by its counter receptor TR AIL-R.
Allogeneic T-cells produced by the method of the present
invention express high levels of FasLL and TRAIL. However,
many tumors lose expression of Fas during the tumor pro-
gression process and many tumors also express FasL as a
defense against apoptosis. Approximately 80% of tumor cell
lines representing colon, lung, breast, skin, kidney and brain
tumors are sensitive to TRAIL induced apoptosis.

The Type 1 cytokine storm elicited by the method of the
present invention upregulates the expression of Fas on tumor
cells, making them susceptible to FasL-mediated apoptosis
by the mnfused allogeneic T-cells and susceptible to a fratri-
cide type response to other tumor cells caused by the upregu-
lation of Fas on the FasL. expressing tumor cells. In addition,
the same cytokine storm activates host 'T-cells to express FasL
which can then mediate the apoptosis of tumor cells. The
same Type 1 cytokine storm also upregulates MHC I, MHC 11
and co-stimulatory molecules CD80 and CD86 on tumor
cells, making the tumors susceptible to CTL-mediated killing
in a subsequent adaptive immune response.

Type 1 Adaptive Immune Response

The method of the present invention induces the activation
of host DCs and the de novo shedding of TAA in the context
of a Type 1 cytokine storm. These are the conditions required
for the de novo development of a host Type 1 adaptive
Immune response against a tumor.

The method of the present invention comprises introducing,
a suilicient amount of activated allogeneic T-cells, preferably
CD4+ T-cells, 1nto a host 1n order to stimulate a host Type 1
adaptive immune response directed against the host tumor.
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This mechanism 1s analogous to a tumor vaccine, whereby the
antigen 1s shed by in-situ tumor killing and the Type 1 cytok-

ine storm serves as an adjuvant for the development of the
subsequent adaptive immune response. The shedding of TAA
in the host and the vaccination effect of the present invention
can be enhanced by the co-infusion of agents containing
TAA, such as inactivated allogeneic or autologous tumors,
specific TAA peptides, DNA coding TAA or cells genetically
engineered to express TAA.

Some cancer patients develop a Type 1 adaptive immune
response against a tumor, which fails to protect. This 1s known
by the detection of Th1 cells 1n the mononuclear cell infiltrate
ol some progressing tumors. Therefore, the development of a
Type 1 adaptive immune response alone may not be enough to
have a curative effect. One of the reasons for the failure of a
Type 1 adaptive immune response to protect 1s due to potent
tumor-mediated immune avoidance mechanisms.

One method of tumor immune avoidance 1s by tumor-
derived suppressive cytokine production. TGF-betal produc-
tion by malignant tumors 1s essential for tumor progression
and 1s one of the most important immunosuppressive cytok-
ines secreted by tumors. Another immunosuppressive tumor-
derived cytokine 1s IL-10. TGF-betal and IL-10 have been
detected 1n tissue specimens from a variety of tumor types.
TGF-betal, and IL-10 are potent inhibitors of cellular
immune function which allows tumors to escape immune
survelllance and destruction by CTL.

The Type 1 cytokine storm produced by the method of the
present mvention causes the down regulation of tumor cell
production of TGF-betal and IL-10. Therefore, an additional
method of the present invention comprises introducing a sui-
ficient amount of activated allogeneic T-cells, preferably
CD4+ T-cells, into a host 1n order to down regulate tumor
production of immunosuppressive cytokines such as TGF-
betal and IL-10.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill 1n the art to which this invention
belongs. Although methods and matenals similar or equiva-
lent to those described herein can be used in the practice or
testing of the present invention, suitable methods and mate-
rials are described below. All publications, patent applica-
tions, patents, and other references mentioned herein are
incorporated by reference 1n their entirety. In case of contlict,
the patent specification, including definitions, will control. In
addition, the materials, methods, and examples are 1llustra-
tive only and are not intended to be limiting. Other features
and advantages of the mvention will be apparent from the
tollowing detailed description.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

A preferred method for producing allogeneic cells with
enhanced properties for stimulation of the Mirror Eifect
mechanism of the present invention ivolves: (1) the collec-
tion of mononuclear cell source material by leukapheresis
from normal screened donors; (2) the 1solation of CD4 T-cells
from the source matenal; (3) the labeling of the CD4+ cells
with anti-CD3 and anti-CD28 monoclonal antibodies
(mAbs); (4) the mixing of the labeled CD4+ cells with bio-
degradable microspheres or nanospheres coated with an
agent capable of cross-linking the mAbs on the CD4+ cells;
(5) the concentration of the biodegradable spheres and
labeled CD4+ cells by centrifugation; (6) the culture of the
mixture 1 serum-iree media without exogenous cytokines at

cell densities in excess of 10° cells/ml; (7) the culture of the
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cells undisturbed 1n an 1ncubator for 2 days; (8) the addition of
additional labeling agents and coated biodegradable spheres;
(9) centrifugation of the new culture mixture followed by
removal of 50-90% of the cell-free culture media volume;
(10) the passage 90% of the conditioned cell-free culture
media through a dialysis filter; (11) bringing the remaiming
10% of the conditioned media back to the original volume
with fresh culture media and adding this replenished condi-
tioned media back to the cell mixture; (12) repeating steps 8
through 11 at least daily for a total culture period of at least 6
days.

Step 1

In practicing the preferred method provided herein, a start-
ing population of mononuclear cells (source material) 1s col-
lected from a donor, preferably by a leukapheresis procedure.
The donors recruited to provide source material must be
healthy and free of adventitious agents. Donors preferably,
will have completely mis-matched HLA antigens to the
intended recipient. While not desired, source maternial from a
partial HL A matched donor (such as a sibling of the intended
recipient) can also be used in the method of the present
invention. Partial matched source material need only be used
if the recipient 1s so immunocompromised that infusion of
mis-matched donor cells could cause a GVH disease reaction.
Even 1n the case of immunocompromised individuals, it 1s
still preferable to use mis-matched cells. In order to minimize
the risk of GVH disease in these patients, the dose of the
mis-matched donor cells can be reduced or the mis-matched
cells could be 1rradiated just prior to mifusion.

Generally, the donors should be carefully screened and
such tests for adventitious agents conducted, as would qualify
the donor to provide blood for transtusion. Examples of such
tests for adventitious agents should include, at a minimum,
screening for anti-HIV-1, ant1i-HIV-2, anti-HCV (hepatitis C),
anti-HTLV-1 and anti-HTLV-2 antibodies, HbsAg (hepatitis
B surface antigen), and syphilis (RPR). In a related embodi-
ment, 1t 1s also preferable to additionally screen for CMYV,
and/or malaria and/or hepatitis G. Blood from any donor that
tests positive for adventitious agents should not be used as
source material.

Donors generally undergo an 8-12 liter leukapheresis pro-
cedure as tolerated. Donors do not need to be mobilized. The
source material may be cryopreserved after collection for
processing at a later date, but the material 1s preferably pro-
cessed immediately or within 24 hours of collection. The
leukapheresis source material collected should be processed
by first being washed to remove plasma proteins, anticoagu-
lant, and to reduce the number of platelets. Suitable wash
media includes PBS (without calctum or magnesium) supple-
mented with 1-5% human serum albumen (HSA). The wash-
ing step can be performed by centrifuging the cells and
removing the supernatant fluid, which 1s then replaced by
PBS. The process can be best accomplished using a semi-
automated “flow through” centrifuge (COBE 2991 System,
Baxter or CytoMate, Baxter). The cells are maintained 1n a
closed system as they are processed. Washing can be repeated
up to 3 times as required. Following the wash, the WBC
recovery should be greater than 85% and the platelet recovery
should be less than 40%.

Step 2

The washed source material 1s next processed to positively
select a pure population of CD4+ cells. Positive selection 1s
preferred over negative selection techniques, as positive
selection results 1n a known end-product and requires less
reagents. The preferred method for positive selection 1s the
use of immunomagnetic technology available from Dynal
(Norway) or Milteny1 (Germany). One preferred method to
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positively select CD4+ cells from the source material 1s the
use of magnetic microparticles and the CliniMACS cell sepa-
rator device manufactured by Miltenyi (Germany). The cells
are first labeled with anti-CD4-biotin coated monoclonal
antibodies and then tagged with anti-biotin magnetic particles
(supplied by Milteny1 and used in accordance with manufac-
turer’s instructions). The solution of labeled cells 1s then
passed over a magnetic filter for retention of the CD4 cells.

In order to maintain closed, sterile operations, the labeling
of the cells 1n preparation for CD4 positive selection can be
conducted with a CytoMate Cell Washer system (Baxter).
This procedure 1s performed 1n a closed sterile disposable kit
on the CytoMate device. The CliniMACS Cell Separator then
uses a closed sterile disposable kit and a combination of
programs and reagents to obtain an enriched population of
CD4+ cells by performing an immunomagnetic positive
selection on the cells tagged with the microbeads. The CLini-
MACS can process a maximum of 6x10'° total WBC and
5x10” labeled (CD4+) cells. A leukapheresis protocol nor-
mally results in the collection of approximately 10'° mono-
nuclear cells from which approximately 10° purified CD4
cells are normally collected.

Wherever possible during this procedure, a Sterile Con-
necting Device (Terumo) 1s used to make a sterile connection
between bags and maintain a sterile closed system. Where use
of the SCD 1s not possible, connections are made under strict
aseptic conditions 1n a Laminar Flow Biosafety Cabinet.

In the positive selection of CD4+ cells, 1t 1s most important
to eliminate CD®+ cells {from the source material, as contami-
nating CD8+ cells can outgrow the CD4+ cells in subsequent
steps 1n the process of the mvention. Macrophage contami-
nation 1s common after CD4+ cell positive selection. This
may be due to the fact that some macrophage populations
express the CD4 molecule. However, macrophages will die
out 1n subsequent steps 1n the process and are not normally a
great concern. Similarly, B cells will also not live through
subsequent processing steps. In rare instances, macrophage
contamination will cause CD4+ cell lysis or inhibition of
CD4+ cell proliferation. In these cases, a macrophage reduc-
tion step prior to CD4+ cell selection might be indicated.
Macrophage reduction can be accomplished by a variety of
methods recognized 1n the art, including pre-incubation on
plastic, passing through nylon wool columns or through
ingestion of magnetic beads and subsequent removal 1n a
magnetic field.

The purified CD4 cells will be mostly naive cells with a
phenotype of CD4+, CD45RA+, CD62L"". Contamination
with up to 40% memory cells with a phenotype of CD4+,
CD45RO+, CD62L will not affect the process. However, if
memory cells are in excess ol 40% at this step 1n the process,
this usually indicates that the donor 1s not normal and thus the
batch should be rejected and not used to develop cells for
infusion. The purified CD4 cells can be stored at room tem-
perature for up to 24 hours.

Step 3

The next step 1n the process 1s the ex-vivo culture of the
purified CD4+ cells. It 1s preferred that the CD4 cells be
exposed to a persistent and constant activation stimulus for at
least 6 days. In order to activate the cells, they are first pret-
erably labeled with activating agents, such as anti-CD3 and
ant1-CD28 mAbs and the activating agents are then cross-
linked to deliver an activation signal to the CD4 cells. To label
the cells, the cells are first adjusted to a cell density of 107 cells
per ml 1n serum-iree culture media. A normal batch would
contain around 10° CD4 cells in 10 ml of media. The mAbs
are each added to the cells at a final concentrations of at least
1 microgram per ml, preferably 10 micrograms per ml. The
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cells should be incubated with the mAbs on a rotating or end
to end mixing device for 15 to 30 minutes at room tempera-
ture or preferably at 4° C. The cells should then be washed to
remove excess mAbs and resuspended at 107 cells per ml in
serum-iree culture media.
Step 4

The preferred cross-linking method 1s to mix the labeled
cells with biodegradable nanospheres or microspheres coated
with an agent reactive to the activating agents. For example,
the biodegradable spheres can be coated with a mAb specific
for the Fc region of the anti-CD3 and ant1-CD28 mAbs, or 1n
the case where the activating agents are mouse derived, the
coating agent could be a polyclonal anti-mouse antibody. The
labeled cells are mixed with the coated biodegradable micro-
spheres at a sphere to cell ratio of at least 1:1, preferably a
minimum of 3:1, and most preferably a mimimum of 5:1. The
sphere/cell mixture 1s preferably mixed well with the labeled
cells for 15 to 30 minutes at room temperature, or preferably
at 4° C.

Aliphatic polyesters, such as polylactic acid) (PLA), poly
(glycolic acid) (PGA), copolymers of PLA and PGA (PLGA)
or poly(carprolactone) (PCL), and polyanhydrides are pre-
terred materials for use as biodegradable polymers for the
nanospheres/microspheres. The biodegradable composition
should be designed to degrade 1n physiological media within
7 days, more preferably within 3 days.

In a preferred embodiment of the present invention, the
biodegradable spheres are constructed from a linear polyester
polymer containing a mixture of lactic acid and glycolic acid.
This class of polymers meets the requirements of biocompat-
ibility and biodegradation into harmless end products for use
in human biological drug preparations. These polymers, here-
inafter referred to as PLGA, are degraded by ester hydrolysis
into lactic acid and glycolic acid which are metabolized 1n the
body 1nto carbon dioxide and water. PLG A has been shown to
possess excellent biocompatibility. The innocuous nature of
PLGA can be exemplified by the approval by the regulatory
authorities, including the U.S. Food and Drug Administra-
tion, of several parenteral delayed release preparations based
on these polymers.

Copolymers of DL-lactate and glycolide, rather than L-lac-
tate and glycolide, are preferred because they are amorphous
when DL-lactate 1s a major component, as opposed to semi-
crystalline when L-lactate 1s a major component. This prop-
erty decreases the degradation time of the polymer. The inher-
ent viscosity (abbreviated as “I.V.’; units are 1n deciliters/
gram) ol the polymer 1s a measure of its molecular weight.
Preferably, the inherent viscosity ol the polymer 1s from about
0.10 dL/g to about 1.0 dL/g (as measured 1n chloroform),
more preferably from about 0.10 dL/g to about 0.50 dL/g and
most preferably from 0.10 to 0.30 dL/g.

Suitable biodegradable polymer material 1s a 50/50 mix-
ture of poly(DL-lactide co-glycolide). The polymer can be
purchased from commercial suppliers such as Birmingham
Polymers, Inc (Birmingham, Ala.) under the trade name Lac-
tel®. The 50/50 DL-PLG product number S0DG020 with a
inherent viscosity of 0.15 to 0.25 dl/g 1s a preferred material
for use 1n the present invention. Another preferred matenal 1s
50/50 DL-PLG with an inherent viscosity o1 0.32 to 0.44 dl/g
manufactured by Boehringer Ingelheim (Ingelheim, Ger-
many) under the trade name Resomer® RG 3503, Another
preferred material 1s Lactel® 50/50 DL-PLG product number
50D040 (Birmingham Polymers) with a 0.26 to 0.54 inherent
V1SCOSity.

Microspheres or nanospheres can be prepared by various
known methods, including solvent evaporation, phase sepa-
ration, spray-drying, or solvent extraction at low temperature.
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The process selected should be simple, reproducible and scal-
able. The resulting microspheres should be free-tlowing and
not aggregates 1 order to produce a uniform syringeable
suspension. The microspheres must also be sterile. This can
be ensured by a terminal sterilization step and/or through
aseptic processing.

In a preferred embodiment, the solvent evaporation
method 1s utilized to produce the spheres. To produce micro-
spheres or nanospheres with this method, the hydrophobic
50/50 DL-PLG polymer 1s dissolved in a water-immiscible
organic solvent to give a polymer solution. The solution 1s
then added 1nto an aqueous solution of a surfactant to form an
emulsion system and stirred. The faster the stirring speed, the
smaller the size of the microspheres. Microspheres are
obtained by subsequently evaporating the solvent by continu-
ous stirring, which can be under vacuum or heat.

The water-miscible organic solvents need to be non-toxic
to the body. Typical examples of organic solvents are mem-
bers selected from the group consisting of acetic acid, lactic
acid, formic acid, acetone, acetonitrile, dimethyl formamaide,
dimethyl acetamide, dimethyl sulfoxide, dioxane, and N-me-
thylpyrrolidone and mixtures thereof. Preferably, the water-
miscible organic solvent 1s a member selected from the group
consisting of acetic acid, lactic acid, N-methylpyrrolidone, or
a mixture thereotf. The water-miscible organic solvent may be
used alone or 1n a mixture with water.

The aqueous phase can contain an emulsion stabilizer that
1s preferably soluble 1n water and alcohol, 1s capable of
increasing viscosity of the suspending medium (water-mis-
cible alcohol) when dissolved 1n the medium, 1s non-toxic to
the body and causes no environmental problems. Typical
examples of emulsion stabilizer solutions are: water-soluble
synthetic polymers such as polyvinylpyrrolidone, polyethyl-
ene glycol), and poloxamer; cellulose derivatives such as
hydroxypropyl cellulose and hydroxypropylmethyl cellu-
lose, and preferably, polyvinylpyrrolidone and hydroxypro-
pyl cellulose. The content of emulsion stabilizer 1n the water-
miscible alcohol i1s preferably within the range of 0.1. to
about.50% (w/v), and more preferably within the range of
0.2. to about 20% (w/v). The content of emulsion stabilizer
can be varied according to the viscosity of the water-miscible
alcohol needed.

The water-miscible alcohol, wherein the emulsion stabi-
lizer 1s dissolved, 1s stirred at a temperature of 10 about.80
degrees C., preferably from 20.about.60.degree.C., and most
preferably at room temperature at a speed of 200.to about.20,
000 rpm, preferably at a speed of 800 to 2000 rpm. The
polymer solution 1s slowly added to the water-miscible alco-
hol wherein the emulsion stabilizer 1s dissolved, and the mix-
ture 1s stirred from 5 minutes to about. 60 minutes. Stirring can
be continued for up to 5 hours to allow evaporation of the
organic solvent. The resulting microspheres can then col-
lected by centrifugation and washed extensively. The washed
microspheres are then ready for attachment of the cross-
linking material.

The diameter of the microspheres prepared should preter-
ably be within the range from 0.01 to 300 um, and more
preferably within the range from 0.1 to 100 um. and most
preferably between 0.1 and 10 um. The particle size (diameter
of the microspheres) can be controlled by adjusting the stir-
ring speed during processing, the viscosity of the water-mis-
cible alcohol, and the viscosity of the polymer solution.

Post-coating of the biodegradable spheres with the cross-
linking material can be accomplished by a variety of standard
methods. In preferred embodiments, first materials that are
proteins can be bond to the biodegradable microspheres by
adsorption with standard known methods. A preferred
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method for adsorbing a protein to the biodegradable spheres
1s to suspend the microspheres 1n 0.1M Borate builer at pH
8.5, spin down and resuspend the microspheres 2 or 3 times.
The cross-linking protein, for example goat anti-mouse poly-
clonal antibody, 1s then suspended 1n the borate builer at a
concentration of 10 micrograms/ml and added to the micro-
spheres at a density of 2x10® spheres per ml. The mixture is
mixed end-to-end for at least 4 hours and for up to 24 hours.
The mixing 1s preferably conducted at 4° C. After mixing, the
microspheres are spun and the supernatant removed and ana-
lyzed for protein determination. The coated microspheres are
then resuspended 1n a physiological butler, such as phosphate
buifered saline containing a blocking agent, such as 1-5%
bovine or human serum albumen and/or 0.05% w/v Tween 20.
Step S

In order to enhance the activation signals to the CD4 cells,
the well mixed labeled cell/sphere mixture 1s spun down 1n a
centrifuge at 500 to 800 rpm at 4° C. for 2 to 10 minutes. The
force should not be so great as to tightly “pellet” the cells, but
just great enough to concentrate the cells. The centrifugation
forces the cells and the spheres to interact, increasing the
cross-linking and the signal transduction to the CD4 cells,
providing enhanced activation. The cells are preferably spun
while 1n the gas permeable bag culture container. After cen-
trifugation, the cells are gently resuspended by massage and
agitation of the tlexible bag container and placed 1n an 1ncu-
bator 1n an atmosphere of 5% carbon dioxide at 37° C.

Step 6

It 1s also preferable that the CD4 cells be kept 1n close
cell-to-cell contact during the ex-vivo culture process. Close
cell-to-cell contact can be accomplished by culturing the cells
at a high cell density, preferably at 10° cells per ml or greater.
It 1s also desirable to subject the cells to frequent centrifuga-
tion 1n order to enhance cell-to-cell contact and the delivery of
activation signals.

The purified and labeled CD4+ cells mixed with the coated
biodegradable spheres should initially be suspended 1n cul-
ture media at a cell density of 10° cells per ml and at a sphere
to cell ratio of not less than 1:1, preferably greater than 3:1,
and most preferably greater than 5:1. X-VIVO15 (BioWhit-
taker) 1s a preferred culture media. If the cells tend to stick to
the culture containers, the culture media can be supplemented
with 1% human serum albumen (HSA). The preferred culture
containers are gas permeable plastic bags, such as LifeCell
(Baxter Oncology, Dearfield, I11.).

Step 7

For the first 2 days of culture, the cells should be left
undisturbed 1n the incubator.
Step 8

On the third day, additional microspheres and mAbs are
added to the culture and mixed thoroughly. To a 100 ml
culture, 100 micrograms each of anti-CD3 and anti-CID28
mAbs are added together with 3-5x10° coated biodegradable
microspheres.

Step 9

Maintaining cells at high densities 1n culture with biode-
gradable spheres requires the frequent changing of the culture
media. The high cell densities result in a high rate of build up
of metabolic waste products and consumption of available
nutrients. In addition, the hydrolysis of the biodegradable
spheres causes the pH of the culture media to become acidic.
Too rapid media replacement, however, can be detrimental to
cultures where exogenous cytokines are not utilized. It 1s
preferable not to use exogenous cytokines when processing
cells for use 1n cell therapy protocols, as exogenous cytokines
can be toxic when infused into humans and can make the
cultured cells dependant upon the presence of the exogenous
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cytokines for viability. Therefore, the methods of the present
invention include a dialysis step 1n the cell processing.

In order to remove 50-90% of the media and to enhance the
activation state of the cultured cells, the {fresh mixture of
mAbs and spheres 1s again spun in a centrifuge as 1n step 5 in
order to concentrate the cells enough to remove cell-free
supernatant. This process can be repeated several times a day
if required 1n order to keep the pH of the culture between 7.0

and 7.2.
Step 10

Dialysis of the removed culture medium through a mem-
brane with a pore size of 10,000 Daltons or less will enable
retention of endogenous cytokines while allowing passage of
metabolic waste. In preferred embodiments, 50-90% of the
culture medium of a culture 1s removed at least daily and 90%
of the removed media passed through a dialysis filter.
Step 11

The media passed through the dialysis filter 1s discarded,
while the 10% retained media 1s brought up to the original
volume with fresh culture media and then added back to the
T-cell/sphere culture. The retained media will contain the
endogenous cytokines at the same concentrations as before
the removal of the culture media.
Step 12

Steps 8 through 11 are repeated at least once a day for a
mimmum of 3 days (6 days total 1n culture). In a typical batch

run of the process, the cultures are 1nitiated with approxi-
mately 10° purified CD4 cells in 100 ml of culture media

volume (day 1). By the method described, the cells will

expand to approximately 1-5x10” cells by day 6 to day 8.
Upon reaching this cell number, the cells can be resuspended
in 1000 ml of culture media in a gas permeable bag and steps
8 through 11 repeated at least daily for up to an additional 3 to
6 days (day 9 to day 14 of culture). Over this time, the total
cells in the culture will expand to approximately 1-5x10""
cells.
Harvest

The cells can be harvested any time after day 6 of culture or
when at least 10” cells are available in the batch culture. To
assure maximal cytokine production, the timing of the harvest

should occur such that the cells are formulated and infused 24
hours after the last step 8-11 cycle.

The cells produced by the methods of the invention can be
aliquoted into multiple dosages of at least 10° cells, prefer-
ably at least 10” cells. The aliquoted dosages of cells can be
frozen for storage prior to infusion. In the case of a frozen
dosage form, the cells are frozen 1n cryoprotective media
supplemented with conditioned media from the preparatory
cell culture 1n order to maintain high cell viability. Frozen
dosages are thawed, activated and formulated within 24 hours
of infusion.

Formulation

The harvested cells are formulated with the activating
mAbs attached to the cells surface being cross-linked with the
coated biodegradable microspheres, 1 order to assure the
cells remain activated at the time of infusion and while 1n
circulation.

The mixture of CD4 cells and microspheres are suspended
in 1nfusion medium (e.g., 1sotonic solutions such as normal
saline, 5% dextrose, Plasma-Lyte (Baxter) or Normasol (Ab-
bott)). In some embodiments, the infusion medium 1s supple-
mented with 0.5%-10% human serum albumen (HSA).

The mixture 1s preferably adjusted to a final T-cell concen-
tration of between 1x10” to 1x10° cells per ml of infusion
media. In a preferred embodiment, 10” T-cells are formulated
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in 100 ml of infusion media. The formulation 1s then pack-
aged 1n one or more containers, such as syringes, plastic
pouches, or plastic bottles.

Infusion

A sufficient number of formulated CD4 cells are adminis-
tered to the recipient in order to ameliorate the symptoms of
the disease. Typically, dosages of 107 to 10'° cells are infused
in a single setting, preferably dosages of 10” cells. Infusions
are administered either as a single 10” cell dose or preferably
divided into several 10” cell dosages. The frequency of infu-
sions can be every 3 to 30 days or even longer intervals 1f
desired or indicated. The quantity of infusions 1s generally at
least 1 infusion per patient and preferably at least 3 infusions,
as tolerated, or until the disease symptoms have been amelio-
rated. The cells can be infused intravenously at a rate of
50-250 ml/hr.

It 1s important that the infused cells express high levels of
Fasl. and CD40L. In addition to IFN-gamma, the cells should
also produce the following Type 1 cytokines: IL-2, TNF-
alpha and TNF-beta. The cells should not express CTLA-4 on
their surface and should not produce TGF-beta, 1L-4 or IL-10.
Upon co-culture with allogeneic peripheral blood mono-
nuclear cells, the cells should cause the upregulation of Type
1 cytokines IL-1, IL-12, TNF-alpha and IFN-gamma and
upregulation of MHC and co-stimulatory molecules on
autologous APC and target cells. In addition, upregulation of
effector molecules such as Fasl., TRAIL, TWEAK and other
TNFR should be evident in autologous cells after mixing with
the allogeneic CD4 cells produced by the method of this
invention.

Mechanmism of Action

Cells resulting from the method of the invention waill
acutely activate cells of the innate immune system when
co-cultured. This activation occurs due to interaction with
CDA40L expressed on the cells produced by the method of the
invention and the CD40 molecule expressed on host innate
immune cells. Upon co-culture of host PBMC and allogeneic
donor cells produced by the method of the invention, mac-
rophages and dendritic cells upregulate co-stimulatory cell
surface molecules and MHC class I and II molecules, produce
pro-inflammatory cytokines, such as IFN-gamma, TINF-al-
pha, IL-1,IL-12 and Type I interferons. This creates a “cytok-
ine storm” that 1s nearly identical to the cytokine storm envi-
ronment created by infusion of allogeneic donor lymphocytes
in BMT protocols.

These characteristics combined with the ability of the acti-
vated host macrophages and dendrnitic cells to uptake (by
phagocytosis and endocytosis) and subsequently destroy
tumor cells and pathogenic organisms enables the enhanced
presentation of the antigenic products of these pathogens and
tumors via the MHC class I and II pathways to antigen reac-
tive T-cells. Further, the surface phenotype of the cells pro-
duced by the method of the invention (CD43RO+, CD44+,
CD621./°) will enable the infused cells to traffic to sites of
inflammation and deliver their Type 1 cytokines to the
microenvironment. This can suppress local Type 2 cytokine
production, upregulate MHC Class I and II expression, co-
stimulatory molecule expression and recruit tumoricidal
macrophages to the tumor bed.

The high expression of FasL. and TRAIL on the cells pro-
duced by the method of the invention, combined with effector
activity of innate immune cells recruited to the site of inflam-
mation or tumor bed will cause apoptosis and antigen shed-
ding to the draining lyvmph nodes. The lymph nodes should be
populated with activated dendritic cells from the initial
CD40L/CDA40 interactions and be primed to present antigens
to the adaptive immune system components in a cytokine




US 8,354,276 B2

21

environment favorable to Type 1 immune response develop-
ment. CD40L/CD40 activation of dendritic cells causes pro-

duction of IL-12 and TNF-alpha by dendritic cells, cytokines
which are known to bias activated naive T-cells to Thl and
Type 1 adaptive immunity. Further, 1L-12 production will
turther induce IFN-gamma production from T-cells and NK
cells which will 1n turn further upregulate IL-12 from mac-
rophages, creating an autocrine feedback loop which drives
macrophage activation, T-cell maturation to Type 1 immunity
and amplifies innate NK activity.

EXAMPLES

The following examples are included for illustrative pur-
poses only and are not intended to limit the scope of the
invention.

Methods:
Microsphere Preparation

The solvent evaporation method was used for preparation
of microspheres. Lactel® (Birmingham Polymers, Birming-
ham, Ala.) 50/50 DL-PLG product number 50DG020 with a
inherent viscosity of 0.15 to 0.25 dl/g was used as the poly-
mer. The DL-PLG powder was dissolved 1n 20 ml of meth-
ylene chloride to a final 5% DL-PLG w/v ratio. The 5%
DL-PLG solution was then added dropwise to 125 ml 01 2.4%
hydroxypropylmethylcellulose in 0.1M glycine/HCI butler
pH 1.1 under constant stirring at 1000 rpm at room tempera-
ture (25£2° C.). Stirring was maintained until complete
evaporation of the organic solvent (about 3 hours). Micro-
spheres were collected by centrifugation at 1000 rpm, 5 min
at 40 C followed by three cycles of washing with distilled
water, filtered and dried overnight. The microsphere sizes
ranged from 3.0 to 7.0 um with a CV maximum of <10%. The
spheres were then coated with polyclonal goat anti-mouse
antibody using the absorption method. The antibody was
suspended 1n 30 ml of PBS solution with 5% human serum
albumen (HSA) at a concentration of 10 ug/ml. This solution
was used to resuspend the dried microspheres at a concentra-
tion of approximately 2x108 particles per ml. The micro-
spheres and the polyclonal antibody were mixed end over end
at 40 C for 8 hours. The microspheres were then washed 3
times 1n PBS with HS A, filtered and dried. The dried particles
were stored 1n a solution of 70% 1sopropanol prior to use.
Allogeneic Cell Product Preparation

For the examples below, Allogeneic Cell Product was pre-
pared according to the method described 1n the preferred
embodiments. Briefly, 1.2x10'° peripheral blood mono-
nuclear cells (PBMC) were collected from a healthy donor by
leukapheresis. The PBMC were washed and stored a room
temperature overnight. The PBMC were enriched for CD4+
cells by labeling with biotinylated anti-CD4 mAb and mixing
with a secondary anti-biotin mAb magnetic particles (Milte-
ny1 Biotec, Germany). The CD4+ cells were then selected by
passing through a magnetized column (MACS®). 1.3x108
CD4+ were selected and placed in 100 ml of XVIVO-15
culture media 1n a Lifeflask (Baxter) gas permeable bag. The
CD4+ cells were incubated overmight at 370 C 1n an atmo-
sphere of 5% CO2. The following day, the non-adherent cells
were washed and labeled with anti-CD3 and anti-CD28
mAbs and suspended with goat anti-mouse coated biodegrad-
able microspheres at a 3:1 ratio. The suspension was centri-
fuged at 1000 rpm for 5 min and gently resuspended by
manual massage of the culture bag. The suspension was incu-
bated for 72 h, and the cells were relabeled and suspended
with new microspheres. The suspension was centrifuged at
1600 rpm for 8 min, the supernatant removed and 90% of the
volume passed through a dialysis filter. The retained super-
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natant was added back to the cell suspension and the volume
brought back to 100 ml with fresh culture media. This process
was repeated daily until day 9 of culture. On day 10, the
resulting cells were used 1n the examples described below.

Example #1
Phenotypic Analysis of Allogeneic Cell Product

A sample of allogeneic cell product was taken on day 1 and
day 10 for phenotypic analysis. For cell immunophenotyping,
surface labeling was performed by a direct fluorescence tech-
nique using monoclonal antibodies (Becton-Dickinson, San
Jose, Calif., USA), against human CD4, CDS8, CD14, CD19,
CD56, CD4/CD25, CD4/DR, CD4/CD45RA, CD4/
CD45R0O, CD4/CD62L, CD4/CD1534 (FasL), CD4/TRAIL.
To detect intracellular cytokines, mononuclear cells were
permeabilized with FACS permeabilizing solution (Becton-
Dickinson). Flow cytometry analyses were carried out with a
FACSort equipment (Becton-Dickinson) using the Cellquest
software. The results are reported as the percent of stained
cells calculated from 10,000 events for all immunopheno-

types.
Results 1n Percentage of Total Cells (MFIR):

DAY 1 DAY 10
CD4 92.5 99.8
CD8 0.8 0
CD14 4.8 0
CDI19 0.9 0
CD56 1.7 0
CD4/CD25 2.3 92.9
CD4/DR 4.5 R9.7
CD4/CD45RA 70.3 10.9
CD4/CD45RO 16.6 78.1
CD4/CD621.% 69.4 0.9
CD4/CD154 (FasL.) 0.8 74.3 (67)
CD4/TRAIL 0.3 68.3 (26.6)
CD4/IFN-gamma 18.6 08
CD4/11.-4 4.8 0.2

These results indicate that the Allogeneic Cell Product has
differentiated into a Type 1 cell with an activated memory
phenotype.

Example #2
Cytokine Gene Profile of Allogeneic Cell Product

To determine the cytokine profile of the Allogeneic Cell
Product, cytosolic RNA was purified using a RNeasy kit
((Q1agen) and reversed transcribed using a Roche First Strand
cDNA synthesis kit. Primers and probes were purchased from
Applied Biosystems or were designed using Primer Express
software. Real-time PCR amplification and product detection
was performed according to manufacturer’s recommended
procedures on an ABI Prism 7700. Gene product 1s expressed

relative to GAPDH-1 expression, which 1s set at a value of
100,000 on day 1 and day 10.

Day 1 Day 10
IL-1beta 85 7
IL-2 4 18,450
IL-4 2 0
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-continued
Day 1 Day 10
IL-5 0 0
IL-6 0 0 .
IL-10 11 10
[L-12p35 12 12
[L-12p40 0 0
IL.-2
IL-4
IL-6
IL-10
[L-12p70
IL-15
IFN-alpha
IFN-gamma
TNF-alpha
-continued
Day 1 Day 10 2
IL.-13 82 3
IL-15 11 1200
IL-18 10 8
TNF-alpha 21 84,880
[FN-gamma 18 94,600 30
TGE-beta 0 0

Example #3
Host PBMC Rejection of Allogeneic Cell Product

PBMC from a stage 3 ovarian cancer patient was prepared
by density gradient purification and 1solation of huily coat.
The host PBMC were mixed with Allogeneic Cell Product at
a 50:50 ratio and cultured 1n 24 well plates for 7 days. The
Allogeneic cells were labeled with green cell tracker dye,
S-chloro-methyl-fluorescein diacetate (CMFDA). The cul-
tures were set up 1n triplicate.

Results:
Atthe end of the 7 day culture, less than 2% of the live cells

in each of the wells stained green, indicating that they were
rejected by the host PBMC.

Example #4

Cytokine Analysis of Mixed Host PBMC and
Allogeneic Product

In order to determine the ability of the allogeneic cell
product produced by the method of the invention to stimulate
host cancer patient PBMC to produce Type 1 cytokines, allo-
geneic cells were prepared as described in the Preferred
Embodiments, harvested on day 9 and mixed with 1x10°
PBMC from a cancer patient in a 24 well culture plate and
incubated for 48 hours at 37° C. 1n a humidified atmosphere
containing 5% CO?2.

Human PBMC were 1solated by density gradient centrifu-
gation of peripheral blood obtained from a patient with meta-
static breast cancer prior to mastectomy. Allogeneic cell prod-

uct was added to the PBMC cultures at ratios of 1:100, 1:50
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and 1:25. PBMC 1n media alone was used as a negative
control and PBMC activated with PHA served as the positive
control.

After 48 hours, supernatant samples were removed from
cach well and analyzed by ELISA. Results are shown as

means+/— SE of triplicate cultures 1n pg/ml. ND=not detect-
able.

Results:
Media PHA 1:100 1:50 1:25
3 + & 12934 + 24 18734 + 73 16726 + 82 12993 + 72
249 = 2 643 + 12 32 +3 ND ND
349 + 12 1034 + 18 1395 £ 15 1863 = 1 1822 + 18
R74 + 32 1739 = 52 ND ND ND
ND 0RO = 6 3890 + 54 4176 = 32 4231 + 31
ND 1628 = 48 2847 + 91 7493 = 93 R328 + 74
42 + 3 349 + 7 R43 + 34 038 + 23 1022 = 34
ND 380 =5 15863 £ 532 178745 £ 368 22903 £ 839
ND 1893 + 32 11932 + 323 12435 + 393 13458 + 239

The results indicate that the allogeneic cell product of the
present mvention can elicit strong upregulation of Type 1

cytokine production and down regulate Type 2 cytokine pro-
duction.

Example #5

Phenotypic Analysis of Lost Cells atter Mixed with
Allogeneic Product

Host CD3+ T-cells and CD14+ monocytes from Example
#3 were analyzed phenotypically for effector and co-stimu-
latory markers.

Results 1n Percent of Total PBMC (MFIR)

Day 1 Day 7
CD14/CDR8O 12.9 66.5 (5.8)
CD14/CDR86 16.6 81.7 (922)
CD3/CD154 (FasL) 0.6 34.3 (47)
CD3/TRAIL 0.2 38.5 (16.6)
CD14/CD154 11.6 35.3 (13.8)
CDI14/TRAIL 4.8 28.4 (9.5)

The results indicate that host cells upregulated co-stimula-
tory and eflector molecules during the rejection of the Allo-
geneic Cell Product and in the presence of the Cytokine
Storm.

Example #6
Stimulation of NK Cytotoxicity

NK activity against K362 target cells was assessed by a
flow cytometry assay using the DIO membrane dye (Molecu-
lar Probes, Eugene, Oreg., USA) to stain live K562 cells and
propidium 1odide (Sigma) nuclear dye to stain dead cells. The
percent of specific lysis was calculated by the formula:

Y% dead target cells

100
100 — % (debris and fragments) %
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PBMC from a cancer patient were incubated in media
alone and supernatant from a 48 h co-culture of the allogeneic
product and autologous PBMC at a 1:100 ratio.

Results:

[T

‘ector: Target Ratio

100 50 25 12.5 0.3 3.1
media 8.34 4.32 2.54 1.08 0.86 0.34
supernatant 85.52 82.11 71.23 50.65 34.55 20.91

These results indicate that the Type 1 cytokine storm elic-
ited by the method of the invention 1s capable of significantly
enhancing host NK activity.

Example #7

Cytokine Storm Supernatant Effects on Tumor
Immunogenicity

Cancer cell lines NCI-H23 (lung cancer), Caki-1 (renal cell
cancer) and ACHN (renal cell cancer) were analyzed for
expression of MHCI, MHCII, death receptors Fas and
TRAIL-R2 and co-stimulatory molecules CD80 and CDR86.
The cell lines were then cultured 1n the bottom of a transwell
plate. In the top well host PBMC from a normal donor and the
Allogeneic Cell Product were mixed ata 100:1 cell ratio. The
cultures were incubated for 96 hours.

Results:
Results in MFIR
Day 0 Day 4

NCI-H23
MHCI 220 780
MHCII 0.8 6.8
CDRO 0.4 4.8
CDR6 280 550
Fas 0.% 18.5
TRAII.-R2 19.9 20.8
ACHN
MHCI 190 1387
MHCII 0.2 8.8
CDR0O 0.4 3.%
CDR6 180 ORR
Fas 0.7 28.5
TRAIT.-R? 7.9 10.8
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-continued

Caki-1

MHCI 120 569
MHCII 0.8 0.8
CDRO 0.4 4.8
CDR6 150 650
Fas 0.8 1R8.5
TRAIL-R2 1.9 20.8

These results indicate that the cytokine storm elicited by
the method of the invention 1s capable of increasing the
immunogenicity of tumor cells and their susceptibility to
apoptosis.

Although the present invention has been described with
reference to preferred embodiments, workers skilled 1n the art
will recognize that changes may be made 1 form and detail
without departing from the spirit and scope of the invention.

What 1s claimed 1s:

1. A composition comprising at least a portion of T-cells,
the T-cells being derived from a healthy donor, the CD3/
CD28 molecules of the T-cells being cross-linked and said
T-cells being suspended 1n a infusion media suitable for thera-
peutic administration and producing one or more of Type I
cytokines at time of infusion.

2. The composition of claim 1 whereby the T-cells are
predominately CD4+ cells.

3. The composition of claim 2 whereby the CD4+ cells are
predominately Thl cells.

4. The composition of claim 1 whereby the cells are sus-
pended 1n a syringe.

5. The composition of claim 1 whereby the cells are sus-
pended 1n a collapsible container.

6. A composition comprising at least a portion of T-cells,
the T-cells being derived from a healthy donor, the CD3/
CD28 molecules of the T-cells are cross-linked and said
T-cells being suspended 1n infusion media suitable for thera-
peutic administration to a patient and eliciting a Type I cytok-
ine storm by the patient’s immune system upon administra-
tion.

7. The composition of claim 6 whereby the T-cells are
predominately CD4+ cells.

8. The composition of claim 7 whereby the CD4+ cells are
predominately Thl cells.

9. The composition of claim 6 whereby the cells are sus-
pended 1n a syringe.

10. The composition of claim 6 whereby the cells are
suspended 1n a collapsible container.

11. The composition of claim 1 wherein the T-cells are
CD45RO+, CD62L".

12. The composition of claim 6 wherein the T-cells are
CD45RO+, CD62L".
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,354,276 B2 Page 1 of 1
APPLICATION NO. : 12/909517

DATED : January 15, 2013

INVENTOR(S) . Michael Har-Noy

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Title Page, Item (56) In the References Cited, Other Publications:

In Raghupathy: please change --Thi-- to --Thl--

In Rodon: please change --at-- to --et--

In Baxevanis: please change --at-- to --et--

In Carayol: please change --Narrow-- to --Marrow--

In Chang: please change --at-- to --et--

In Kai: please change --Hera-- to --Hara--

In Lum: please change --ani-CD3/anti-CD28-costimulated-- to
--ant1-CD3/ant1-CD28-costimulated--

In the Claims

Claim 1, Column 26, Line 22: please change --1n a infusion media-- to --in infusion media--
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Sixteenth Day of July, 2013

Teresa Stanek Rea
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